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Village poultry plays a vital role in providing essential nutrition and income for rural communities in Africa. In this context,
poultry are often traded through live bird markets (LBMs), which serve as central trading hubs where producers connect with
traders and consumers, facilitating the flow of poultry products along the value chain. While they serve as important trading hubs,
these markets create an environment where avian pathogens, like Newcastle disease virus (NDV) and avian influenza virus, can
easily emerge and spread. Improving our understanding of the epidemiology of NDV in LBMs is important for assessing disease
risks and identifying factors that contribute to its persistence. Local chickens at the Mawenzi LBM in Morogoro municipality were
surveyed for NDV presence, its temporal and spatial distribution, and risk factors for NDV infection. Twenty-three percent of 659
local chickens sampled over a 1-year period were positive for NDV based on PCR. Increased odds of NDV infection were identified
in chickens that had been in the market for 2 or more days prior to sampling and during the period extending from August through
October. Four significant spatiotemporal clusters of NDV-positive chickens encompassing 13 villages were detected between
August and October 2020, illustrating geographic hotspots of infection when NDV was most prevalent. Similar to the other
LBMs, this market had enclosures with high densities of birds of mixed species, limited biosecurity, and the presence of birds with
observable illness. Bird traders who source the chickens from the villages, described long transit times in mixed enclosures with
limited sanitation practices and without consideration of sick birds or vaccination status prior to arriving at the LBM. This study
highlights the need to invest in improvements to infrastructure and biosecurity for LBMs as well as training opportunities for
increasing traders’ knowledge on hygiene and sanitation practices, animal welfare, and poultry biosecurity measures.

1. Introduction

Traditional poultry keeping is widely practiced in rural areas
of low and middle-income countries throughout the world.

Local chicken production is a low-input system requiring
minimal investment [1] making it accessible to resource-
poor communities [2]. Even households without land can
raise chickens because the birds can be sustained through
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scavenging for food on communal village land [3–8]. Village
poultry can provide households with earnings and a source
of relatively inexpensive protein and nutritionally rich food,
thereby contributing to nutritional security and poverty alle-
viation [6]. Furthermore, chickens play an important role in
sociocultural practices as they are offered as gifts for friends
and family, as a welcome meal for visitors, and for other
rituals [9].

Local poultry production is common among households
in Tanzania, especially in resource-limited communities.
Smallholder poultry producers face a number of challenges
when rearing village poultry flocks, including predation,
poor husbandry, as well as disease [5, 10]. Newcastle disease
(ND), in particular, is an important constraint to traditional
poultry keeping in sub-Saharan Africa with high mortalities
among local flocks every year [11–14]. In Tanzania, vaccina-
tion against ND is utilized as a means of controlling the
disease [11]; however, it is challenging to implement effective
vaccination programs in remote village settings.

Newcastle disease is caused by avian orthoavulavirus 1
(AOaV-1; formerly avian paramyxovirus-1) which belongs to
the genus Avulavirus, subfamily Paramyxovirinae, and family
Paramyxoviridae [15]. Newcastle disease virus (NDV) is a neg-
ative sense single-stranded RNA-enveloped virus [16]. AOaV-1
viruses consist of virulent and avirulent strains which fall into a
single serotype. The phylogenetic analysis of the fusion (F) gene
shows that NDV can be grouped into two classes, Class I and
Class II, with the former primarily including the avirulent
viruses most commonly found in wild birds and the latter
encompassing the virulent viruses found in both wild birds
and poultry. Class II is further divided into 20 genotypes [17].
Furthermore, NDV can be divided into pathotypes; lentogenic
(low virulence), mesogenic (moderate virulence), and velogenic
(high virulence) [18]. All pathotypes of NDV occur in rural
poultry, but velogenic strains are most commonly reported in
Africa [19–21]. Velogenic Newcastle disease virus (vNDV) is
considered endemic among village chickens in most low-
middle income countries [22, 23], and epidemics of vNDV
result in devastating economic losses for the poultry producers
[24].

Over the past few decades, investigators in Tanzania have
isolated and characterized both lentogenic and velogenic
strains of NDVs [20, 21, 25, 26], some of which were detected
in live bird markets (LBMs). Previous research has revealed a
seroprevalence of 26% for ND in major LBMs in two regions
of Tanzania, Morogoro and Dar es Salaam [27]. LBMs congre-
gate live chickens from smallholder farmers located through-
out the country. They provide a platform for small-scale
poultry producers to access wider markets beyond their imme-
diate communities. Local chickens are sold largely through the
LBMs because of the lack of a cold chain for the distribution of
chilled fresh meat directly to the markets in urban areas [21].
Because these markets maintain a constant influx of new birds
and have minimal biosecurity, they can act as a source of
pathogens, such as NDV and influenza A virus, for chickens
and other species in themarket, and also pose a risk to humans
due to zoonotic viruses affecting livestock [21, 28–31]. In these
settings, indigenous poultry can become infected and serve as

reservoirs for more susceptible exotic breeds in commercial
farms [32] as well as wild birds coming into contact with
infectious birds and/or materials at the market. Epidemiologi-
cal studies are therefore increasingly valuable to gain addi-
tional insights into the diversity of circulating NDV strains
and the ecology of the virus in the market and village settings.
This study aimed to investigate the prevalence, spatiotemporal
patterns, and risk factors for NDV among chickens in a LBM
in Tanzania.

2. Materials and Methods

2.1. Study Area and Design. Samples were collected weekly
over a 1-year period (June 2020–May 2021) from theMawenzi
LBM located in Morogoro municipality in Tanzania, 196 km
west of Dar es Salaam, the country’s largest city and commer-
cial center, and 260 km east of Dodoma, Tanzania’s capital.

The Mawenzi LBM is located within the general food
market. The live poultry are sheltered in wood and wire
mesh cages stacked on top of each other. Birds are provided
with food (maize bran) and water in the cages. There is a
small bird slaughtering and processing area within the mar-
ket that is located next to the bird enclosures that is devoid of
water supply and sanitation facilities [21].

As part of this study, the Mawenzi LBM was character-
ized weekly during each sampling event by collecting data on
the number of vendors selling birds, the numbers and types
of birds present, and the condition of the birds for sale.

2.2. Sample Collection and Processing. Over the period of
1 year, a total of 659 chickens were sampled at the Mawenzi
LBM. Oro-cloacal swabs (n= 659) and sera samples (n=
657) were collected from the chickens. The chickens were
randomly selected (first and every sixth count afterward) for
sampling each week. Most samples were collected immedi-
ately after chickens were offloaded at the market from the
villages, but some chickens were sampled after the bird had
been in the market for 2 or more days.

The oro-cloacal samples were collected using sterile
polyester-tipped swabs (Puritan, USA). The swabs from
each bird were placed in individual vials with phosphate
buffered saline (PBS) and immediately transported to the
laboratory in a cooler to be stored at −80°C until further
analysis. Whole blood (approximately 1mL) was collected
from the brachial vein into a 3mL syringe (23G needle)
and the blood was left to clot overnight. Sera were decanted
and stored in 1.5mL Eppendorf tubes at −20°C until hem-
agglutination inhibition (HI) assays were performed.

During each weekly sampling event, the following data
were recorded for each sample: date of sample collection, the
sex, health status, source (geographic location), and type of
chicken (indigenous or exotic breed) sampled. Data were also
collected on the timing of sampling of the chicken (i.e.,
whether the bird was sampled immediately after it was off-
loaded at the market for sale or after it had been in the
market for 2 or more days).

2.3. Questionnaire. Questionnaires were administered to
23 chicken traders (16 middlemen and seven sellers) who
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consented to participate in the study. The aims of the study
were communicated in Swahili, and written informed con-
sent was obtained from all study participants. Questionnaires
were administered to collect demographic information on
the trader as well as data on the source of the bird (village),
whether the chickens were housed together with other bird
species at the source and during transit, the traders’ criteria
for selecting birds to sell in the market, whether chickens
were obtained from one source all year-round, length of
time spent in transit to the market, length of time spent at
the market prior to sale, temporal patterns of illness in the
traded birds, and biosecurity practices used by the trader in
transporting and housing the birds prior to sale (e.g., cage
disinfection).

2.4. Serological Analysis. Sera collected from local chickens at
the Mawenzi LBMwere analyzed for antibodies against NDV
using the haemagglutination-inhibition (HI) assay as previ-
ously described [33, 34]. The assay was performed according
to the recommended standard procedure [35]. In brief, 25 μL
of PBS was dispensed into each well of a plastic V-bottomed
microtiter plate. A total of 25 μL of serum was placed into the
first well of the plate. Twofold dilutions of the 25 μL serum
were then made across the plate. Twenty-five microliter
(25 μL) of four hemagglutinating units of ND viral antigen
(LaSota) was added to each well and the plate was left for
30min at room temperature. Chicken red blood cells (RBCs)
(25 μL of 0.5% (v/v)) were then added to each well and, after
gentle mixing by tapping the sides of the plate, RBCs were
allowed to settle at room temperature for 40min. The HI
titer of each serum sample was expressed as the reciprocal
of the serum dilution and expressed as the logarithm to base
2 (log2). Haemagglutination was assessed by tilting the plates
with those wells in which the streaming of RBCs was
observed at the same rate as the control wells (positive
serum, virus/antigen, and PBS controls) considered positive
(inhibition of hemagglutination) [35]. The positive serum
and virus/antigen used in the assay were provided by the
Virology Laboratory at the Department of Veterinary Micro-
biology, Parasitology, and Biotechnology of Sokoine Univer-
sity of Agriculture.

2.5. Real-Time Reverse Transcription PCR (rRT-PCR). Total
nucleic acid was extracted from oro-cloacal swab samples
using the IndiMag Pathogen Kit (Indical Bioscience, USA)
in an IndiMag™ 48 instrument, according to the manufac-
turer’s instructions. rRT-PCR was performed with VetMAX
Plus RT-PCR kits (Thermo Fisher Scientific, MA, USA)
(half-reactions) according to themanufacturer’s recommended
protocol and a 53°C annealing temperature, with MGB/Fam-
labeled NDV L-gene specific primers and probes described by
Fuller et al. [36], in a StepOne Plus thermal cycler (Applied
Biosystems). Cycle threshold (Ct) values <40 were considered
positive for NDV.

2.6. Statistical Analyses. The NDV prevalence and seroprev-
alence and respective 95% confidence intervals were esti-
mated. Latitude and longitude coordinates were assigned to
each chicken source based on the center point of the village

where the chicken was collected. Temporal and spatial clus-
tering of NDV was evaluated among chickens using Ber-
noulli model elliptical scanning windows in SaTScan v.10.0
[37–39]. A maximum spatial and temporal cluster size of
25% of the population at risk was used for the spatiotemporal
analysis, and overlapping clusters were not permitted. For
the analysis, 1 month was set as the time aggregation unit.
Clusters were mapped using qGIS [40].

Unadjusted bivariate associations between NDV infec-
tion, host factors, and spatiotemporal variables were evalu-
ated using χ2 tests of independence. These variables were
further evaluated for multivariable associations with NDV
infection using mixed effects logistic regression models to
evaluate the influence of putative risk factors on the odds
of infection in chickens at the LBM. Factors evaluated for
their association with NDV infection (based on PCR results)
included sex of the chicken, month of sample collection,
geographical (region) origin of the bird prior to being off-
loaded at the market, and status of chicken at the time of
sample collection (new arrival to the market or chicken pres-
ent for >2 days in the market prior to sample collection). For
all multivariable models, putative risk factors with P <0:20
in the bivariate analyses were evaluated in the mixed effects
logistic regression models using the lme4 package in R [41]
and retained in the models if P <0:05. The ID of the chicken
trader was included in the model as the cluster variable to
account for unmeasured correlation among multiple chick-
ens from one source.

In all models, NDV infection by month was evaluated for
a difference in magnitude across months, and significance of
effect between months using the likelihood ratio statistic and
similar months were collapsed into the following time peri-
ods: January–March, April–July, and August–October. Pos-
sible confounding variables and interaction effects were
evaluated in the model building process. Confounding was
evaluated in the model through assessing whether there was
a greater than 10% change between unadjusted and adjusted
odds ratio estimates for the other variables in the model. Final
parsimonious models were selected using Akaike’s Informa-
tion Criterion (AIC) for comparisons between nested and
nonnested models. Overall model fit was evaluated using
Hosmer–Lemeshow goodness-of-fit test and measures of
information criteria. Odds ratios were estimated with 95%
confidence intervals. All analyses were performed using R
statistical software version 4.2.2 (October 31, 2022) [42].

3. Results

A total of 659 chickens were sampled during a 1-year period
(from June 2020 to May 2021) at the Mawenzi LBM in
Morogoro municipality. On average, there were 316 birds
housed at the market at a given sampling point. The birds
were of mixed species, including guinea fowl, ducks, and
indigenous chickens. The birds were sourced from villages
within theMorogoro, Dodoma, Tabora, Shinyanga, andMan-
yara regions. On average, one chicken exhibited clinical signs
of illness during each weekly sampling event, which ranged
from drowsiness, mucoid, and watery discharge from the
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mouth and nostrils, and diarrhea to swollen eyes, cyanotic
comb and wattles, gasping, rales, and torticollis.

The overall NDV seroprevalence and prevalence, based
on HI and PCR, among the chickens at the market over the
study period were 22.1% (95% CI: 19.2%–25.5%) and 23.8%
(95% CI: 21.1%–27.2%), respectively (Table 1). The Ct values
for PCR positive samples ranged from 17.6 to 39.3 with a
median of 31.1. NDV strains identified through genotyping
are reported in a follow-up study [43].

In the multivariable analysis, chickens that had been held
at the market for 2 or more days prior to sampling had a three
times higher odds of testing positive for NDV as compared to
chickens that had just been offloaded for sale at the Mawenzi
market (Table 2, OR= 3.0 (95% CI: 1.4–6.8), P= 0.007). In

addition, the odds of NDV infection were highest during the
period extending from August to October followed by the
period of April to July relative to the months of November
through March (Table 2). Sex of the chicken was not signifi-
cantly associated with NDV infection among birds in this
study.

In evaluating the temporal distribution of NDV infection
in the LBM chickens, results revealed a peak in the preva-
lence of the virus among chickens between August and Octo-
ber (Figure 1).

Four significant spatiotemporal clusters of NDV-positive
chickens (Figure 2) were detected with radii of 0, 83.7, 58.42,
and 30.47 km with P <0:0001, P <0:0001, P= 0.002, and
P= 0.01, respectively. The clusters, encompassing 13 villages

TABLE 1: Summary of seropositive (by HI) and PCR positive samples for NDV, by time at which bird was sampled.

Sample collection time Total sampled (n= 659)
Seropositive samples (n= 146) PCR positive samples (n= 157)

Ill (%) Healthy (%) Ill (%) Healthy (%)

Immediately after offload 515 3 (2.1) 106 (72.6) 8 (5.1) 95 (60.5)
At 2–5 days after offload 144 12 (8.2) 25 (17.1) 31 (19.7) 23 (14.6)
Overall 659 15 (10.3) 131 (89.7) 39 (24.8) 118 (75.2)

TABLE 2: Host and seasonal factors associated with NDV infection in the chickens sampled at the Mawenzi LBM from June 2020 to May 2021.

Factor Odds ratio 95% CI P-value

Status of chicken (reference group= chicken as new arrival at market)
Chicken in market ≥2 days 3.0 (1.4–6.8) 0.007

Time period (reference group=November–March)
April–July 3.8 (1.3–6.7) 0.014
August–October 25.5 (9.7–66.7) <0.001
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FIGURE 1: Monthly seroprevalence (by HI) and prevalence (by PCR) of Newcastle disease virus in chickens at the Mawenzi LBM in Morogoro,
Tanzania from June 2020 to May 2021.
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in Morogoro (6), Manyara (1), Dodoma (2), Tabora (3), and
Shinyanga (1) regions were detected between August and
October 2020.

A total of 23 chicken traders (16 middlemen and seven
sellers, all male) in the Mawenzi LBM provided responses to
the questionnaire. The data stemming from questionnaires
administered to these individuals revealed that chickens from
different sources were mixed (pooled) in enclosures before and
during transportation to themarket. The average transit time of
birds from the source to the market was 1–5 days. Middlemen
collected and transported birds by public buses and/or trucks
within cages with some birds tethered to the outside of the
cages when space was limited. Chickens from different sources
weremixed during transportation and at the point of sale in the
market, including mixing of newly acquired birds with birds
that were already present in the market. The questionnaire also
revealed that chicken cages (collection and/or transport cages)
were not disinfected between bird collections. Chickens were
also pooled together at the market regardless of their health
status. All of the respondents indicated that they were able to
distinguish between ill and healthy birds. The respondents
reported that they often encounter ill birds during the collec-
tion of chickens. When asked how sick birds are managed, 6%
of traders indicated that sick birds were provided herbal reme-
dies at the households. In addition, 18% of traders indicated
that ill birds were slaughtered for home use and 76% reported
that sick chickens were transported to the market for sale.
Regarding the criteria of selection of chickens by the live bird
traders, only 12% of the traders considered an ill bird to be unfit
for transport and sale at the market. In addition, the traders

indicated that vaccination history for the birds was unknown.
When asked about seasonality of illness among collected birds,
live bird traders reported that illness was most prevalent from
June to October, compared to the other periods of the year.

4. Discussion

This study revealed that the local chicken trade associated
with the Mawenzi LBM inMorogoro Municipality serves as a
source of circulating NDV and provides a potential environ-
ment for virus transmission and regional spread among
chickens and possibly other avian species in Tanzania. The
NDV prevalence and seroprevalence among chickens sam-
pled at the Mawenzi LBM for this study were in the range of
previously reported estimates in Tanzania. Other ND studies
conducted in villages in Tanzania reported seroprevalences
of 46.8% [44] and 13.3% [45]. The study conducted by
Msoffe et al. [21] revealed a 32% prevalence of NDV in
chickens at a LBM. A separate study reported a NDV sero-
prevalence of 26% in the villages in Njombe and Bahi dis-
tricts in Tanzania [46]. Chickens at the Mawenzi LBM were
sourced from parts of Morogoro, Shinyanga, Tabora, Dodoma,
and Manyara regions. In Tanzania, the local poultry trade is
unregulated with limited to no biosecurity along the market
chain [47]. The absence of active NDV surveillance and biose-
curity practices in the trade of local chickens poses a significant
challenge for disease prevention and control strategies andmay
contribute to regular outbreaks of ND in the country [21, 48].
Many studies have illustrated the potential role of unregulated
poultry trade through LBMs on ND activity. For example,

Chicken NDV infection status
Negative
Positive
NDV spatiotemporal clusters
Live bird market
Tanzania

Spatiotemporal clusters of NDV infected chickens in Tanzania

100 200 km

FIGURE 2: Map showing significant spatiotemporal clusters of Newcastle disease virus infected chickens transported and offloaded at the
Mawenzi LBM in Morogoro, Tanzania from June 2020 to May 2021.
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congregating poultry originating from different areas along
with transportation and poor biosecurity measures have been
associated withNDVoutbreaks in Ethiopia and Kenya [28, 29].

Our findings revealed that, with the exception of 1 month
(February), NDV is circulating year-round among the local
chickens coming into the LBM providing further evidence of
the endemicity of this virus and the role that the LBM plays
as a continued source of infection among birds originating
from different parts of the country. The temporal and spa-
tiotemporal patterns indicated seasonality of NDV activity
with the highest prevalence of NDV infected birds during the
period from August to October. This was corroborated by
the live bird traders who indicated that illness among the
chickens was relatively more frequent during the period
from August to October. Unfortunately, we were not able
to differentiate whether antibodies in the birds were due to
previous exposure or ND vaccination. However, the seasonal
pattern of antibody response in the birds was similar to the
seasonality of NDV shedding (as measured by PCR) suggest-
ing that the temporal pattern of seropositivity observed in this
study may have been due in part to immunity post-infection.
Seasonality of NDV activity, as corroborated by other studies
[49–54], might be due to the dry weather during the period of
August–October in most parts of the country during which
poultry food sources are scarce, a stress that can lead to immu-
nosuppression in the chickens. Other studies conducted in
East Africa and in Asia have reported similar patterns with
ND peaks during and at the end of the dry seasons [55–59].
During this study, there were multiple geographic hotspots of
NDV infection implying that there were multiple sources of
virus coming into theMawenzi LBM.Unfortunately, the exact
focal point of infection could not be established in this study
because chickens were not sampled at homes or farms of
origin but rather at the destination market [60]. In this study,
the average time spent during transport from the geographic
origins of the chickens to Mawenzi LBM was between
1–5 days. This transit time aligns with the length of the incu-
bation period for ND. As a result, susceptible chickens could
become infected while in mixed cages during transportation
and present to the market with subclinical and/or clinical
disease depending on the individual immunity and time of
arrival at the market. Mixing of birds during transportation
and upon arrival at the LBM has been previously associated
with disease spread and outbreaks [28, 31]. The traders’ prac-
tices of mixing birds from different places and housing them
in mixed species cages at the market regardless of their health
status may result in contact between infected and susceptible
birds, increasing the risk of transmission. In addition, results
from this study indicate a higher odds of infection in birds
that have been present at the market for 2 or more days
highlighting that cohousing of new arrivals with residentmar-
ket birds is a significant risk factor for NDV spread. The
vaccination history of the chickens arriving at the market
was unknown further increasing the risk of NDV emergence
and spread. Furthermore, the cages used to bring chickens to
the LBM were taken back to the villages without disinfection
in between bird collections. This heightens the risk of virus
carriage back to the villages or from one village to the other via

the chicken collection cages. In last, traders reported that sick
chickens are often included in those birds selected to be sold
in the market, further escalating the risk for disease spread
among chickens congregating in the LBMs.

The Mawenzi LBM encompasses a chicken slaughtering
service that lacks equipment for proper disposal of the vis-
ceral contents and feathers which may perpetuate the dis-
semination of NDVs and the other pathogens [61] in the
market and to the surrounding areas. Not unexpectedly,
many studies have found that improper disposal of waste
(e.g., carcasses, fecal matter) in market settings is associated
with greater incidence of disease among flocks [28, 29, 51].
Many LBMs are open air and do not have the appropriate
infrastructure and equipment for sanitary slaughter of birds,
and therefore pose a risk for contamination of the premises
and spillover of NDVs between market birds and wild
birds [21, 62].

The findings from this study are applicable to the other
pathogens of importance in poultry in LBM settings. For
example, influenza A virus has been found to persist in
LBMs as a result of poor or inadequate sanitation, the con-
stant presence of chickens in the market, and the practice of
mixing birds in enclosures [21, 63–65]. An increased focus
on disease prevention and control measures is needed to
mitigate these risks, especially given the impacts of the cur-
rent unprecedented global high pathogenic avian influenza
outbreak among poultry and wild birds.

5. Conclusion

This study provides further evidence that ND is endemic in
Tanzania and circulates among village chickens year-round
with peaks of NDV activity during the dry season. Determin-
ing the actual burden of the disease based on the source
(focal point) might have been overestimated as chickens
from different sources were mixed prior to reaching the
market. In this case, point-source sampling is suggested in
order to more accurately pinpoint spatial patterns. This
study identified several risk factors for NDV among birds
entering a LBM that highlight potential points of interven-
tion to mitigate risk. Further outreach to smallholder produ-
cers on the importance of ND vaccination is recommended
to prevent spread through trade. There is a need for greater
focus among the stakeholders (live bird sellers and middle-
men) in the poultry value chain regarding best practices for
biosecurity during transportation and at the point of sale in
the markets to reduce risk of NDV and other high conse-
quence poultry diseases. There is also a need for greater
investment in market facilities and equipment to improve
biosecurity. In last, policies to ensure that markets are regu-
larly inspected by authorities and meet basic sanitation and
safety standards are sorely needed to mitigate risk.

Data Availability

All data generated in this study are available upon request
and uploaded in the USAID Development Data Library.
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